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(54) LIGHT EMITTING DEVICE 

(57)Abstract 

PURPOSE: To firstly achieve a light emitting device, excellent in reliability, 
free from shorts between electrodes, that includes a luminous chip 
compos d of a gallium nitride compound semiconductor layer having a p-n 
junction and is so structured that the nitride compound semiconductor layer 
side will be used as a luminous observation surface, and secondly improve 
th external quantum efficiency of the luminous device. 
CONSTITUTION: A sapphire substrate 1 is bonded to a lead frame 3 
through insulating adhesive 4, and shorts between electrodes are thereby 
eliminated. Transparent adhesive 4 is used for the purpose, and the external 
quantum efficiency of the light emitting device is thereby improved. 




LEGAL STATUS 

[Dat of request for examination] 05.04.1996 

[Date of sending the examiners decision of rejection] 27.06.2001 

[Kind of final disposal of application other than the withdrawal 
examin r's decision of rejection or application converted 
registration] 

[Dat of final disposal for application] 04.10.2001 
[Patent number] 
[Dat of registration] 

[Numb r of appeal against examiner's decision of rejection] 2001-13242 

[Dat of requesting appeal against examiner's decision of 27.07.2001 
r jection] 

[Dat of extinction of right] 

Copyright (C); 1 998,2003 Japan Patent Offlc 



http://www1 9.ipdl jp .gojp/PA1/r sult/detail/main/wAAAt JaWphDA407086640P1.htm 



03/09/01 



1/1 



* NOTICES * 

Japan Patent Office is n t responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So th translation may not r fleet the original pr cisely. 

2. **** shows the word which can not be translated. 
3.1n th drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] The luminescence device to which the aforementioned silicon on sapphire and the aforementioned ieadframe ar 
characterized by having pasted up through insulating adhesives in the luminescence device to which a Ieadframe comes to 
lay th luminescence chip which carried out the laminating of the gallium-nitride system compound semiconductor which 
has p-n junction on silicon on sapphire. 

[Claim 2] The aforementioned adhesives are luminescence devices according to claim 1 characterized by the transparent 
thing. 

[Claim 3] The luminescence device according to claim 1 or 2 characterized by mixing the insulating filler with larger thermal 

conductivity than the material of the adhesives in the aforementioned adhesives. 

[Claim 4] The luminescence device according to claim 2 or 3 characterized by preparing the cup made to reflect the light of 
a luminescence chip in a luminescence observation side side in the aforementioned Ieadframe, and laying the 
aforem ntioned luminescence chip in the pars basilaris ossis occipitalis of the cup. 

[Claim 5] The luminescence device according to claim 2 or 3 to which the aforementioned silicon on sapphire and the 

leadfram front face to paste up are characterized by the shape of a mirror plane, and supposing that it is white. 

[Claim 6] The luminescence device according to claim 2 or 3 characterized by making into the shape of a mirror plane th 

metal thin film front face on the front face of silicon on sapphire pasted up on the aforementioned Ieadframe which the 

metal thin film is mostly formed in the whole surface, and was joined to the aforementioned silicon on sapphire. 

[Claim 7] The luminescence device according to claim 1 characterized by the aforementioned luminescence thickness of tip 

b ing 200 micrometers or less. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] ~ ~~™~ ~ — " 

[0001] 

[Industrial Application] this invention relates to luminescence devices in which a leadframe comes to lay the luminescence 
chip which carried out the laminating of the gallium-nitride system compound semiconductor which has p-n junction on 
silicon on sapphire, such as light emitting diode and laser diode. . 
[0002] 

[Description of the Prior Art] Gallium-nitride system compound semiconductors (henceforth a nitride semiconductor), such 
as GaN, GaAIN, InGaN, and InAIGaN. are known as a material of luminescence devices, such as light emitting diode and 
las r diode. Generally, on the silicon on sapphire which is a translucency and an insulating substrate, the laminating of thes 
nitrides semiconductor is carried out, and it is considered as a luminescence chip. Since, as for a nitride semiconductor, p 
type crystal was hard to be obtained, the luminescence chip using the semiconductor was the so-called MIS structur 
which makes a luminous layer i layers which are insulating layers conventionally. However, the technology which uses a 
nitride semiconductor as p type recently is developed, arid p-n junction can be realized now (for example, JP.2-257679 A 
JP.3-218325A JP.5-183189.A, etc.). 

[0003] As mentioned above, since the laminating of the nitride semiconductor is carried out on silicon on sapphire and an 
electrod cannot be taken out from a substrate side, the electrode of positive [ which is formed in the luminescence chip ] 
and a n gative couple is formed in the same field side (silicon on sapphire and side which counters). A luminescence chip is 
laid in a leadframe in the state which makes a silicon-on-sapphire side a luminescence observation side, or the state of 
making a nitride semiconductor layer side into a luminescence observation side. 

[0004] In the luminescence device which makes a silicon-on-sapphire side a luminescence observation side, on two 
leadframes, as the electrode of positive [ which was prepared in the nitride semiconductor layer side of a luminesc:Bnn« 
chip ] and a negative couple straddles, it is laid, and while a leadframe and an electrode are electrically connected through 
electroconductive glues, such as a silver paste, a luminescence chip is fixed on a leadframe. 
[0005] On the other hand, in the luminescence device which makes a nitride semiconductor side a luminescence 
observation side, a luminescence chip is fixed on one leadframe by pasting up a silicon-on-sapphire side with a leadfram 
and each electrode positive [ by the side of a gallium-nitride system compound semiconductor layer ] and negative is 
electrically connected with each leadframe by wire bonding. 

[0006] A chip size becomes large and it has the fault that the number of chips which can be taken to per wafer decreases 
in order to have to lay one chip ranging over two leadframes, while the former luminescence device has the advantage that 
an xt rnal quantum efficiency is good in order to make luminescence of a gallium-nitride system compound semiconductor 
tak out outside effectively. 

[0007] On the other hand, since it is reflected or absorbed and a part of luminescence is checked with the electrode 
formed in the nitride semiconductor, the ball made at the time of bonding while there is an advantage that a chip size can 
b made small, since one luminescence chip can be laid on one leadframe, the latter luminescence device has the fault that 
an xt rnal quantum efficiency is bad. furthermore, luminescence [ leadframe / a substrate and ] using semiconductor 
materials, such as semiconductors other than the former luminescence device or other nitride semiconductors, for example, 
GaAs, and GaAIAs, — a device — having — **** — as — if a luminescence chip is pasted up on a leadframe with a 
conductive material of non^translucencies. such as a silver paste, luminescence will be absorbed by the silver paste and an 
ext rnal quantum efficiency will fall Furthermore, when the luminescence chip has the p-n junction interface in the latter 
luminesc nee device, there is a problem of being easy to short-circuit between inter-electrode or p-n junction, according 
to the kind of adhesives. With conductive material, such as a silver paste specifically used abundantly in case a chip is fixed, 
there is a possibility that a conductive material may make a wraparound and an electrode short-circuit even to a p-n 
junction interface. 
[0008] 

[Problem(s) to be Solved by the Invention] Especially, the luminescence device of the latter structure is easy to dedicat 
the whole luminescence chip into the reflecting mirror of a cup configuration as compared with the former luminescenc 
devic , and since it is excellent also in productivity, it is practical. Furthermore, since a radiant power output and luminous 
efficiency excel the luminescence chip of MIS structure in the luminescence chip which consists of a nitride semiconductor 
which has p-n junction preeminently, putting the luminescence chip in practical use as latter structure now is call d for 
most 

[0009] Th refore, this invention was accomplished in vi w of such a situation, the plac made into the purpos is to r aliz 
the lumin sc nc d vice which was exc II nt in short unreliabl r liability b tw n int r-electrod or p-n junction in th 
first plac first in the luminescence device of th structur which mak s th nitride s miconductor layer sid of th 
luminescenc chip which consists of a nitride semiconductor which has p-n junction a luminesc nee observati n side, and it 
is in raising the ext rnal quantum efficiency of th lumin sc nc d vie to th s cond. 
[0010] 

[M ans for Solving th Problem] Th lumin sc nc devic of this inv ntion is characterized by th afor mentioned silicon 
on sapphir and the aforem nti ned I adfram having pasted up through insulating adh sives in th luminescenc devic by 
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which a leadframe com s to lay th lumin sc nc chip which carried out the laminating of th gallium-nitrid system 

compound s miconductor which has p-n junction on silicon on sapphir . 

[0011] 

[Function] Although adhesives turn ven to a p-n junction int rfac by pasting up the silicon on sapphire and th I adfram 
of a lumin scence chip with insulating adh siv s, b tw n int r-electrode or p-n junction is not made t short-circuit in 
the lumin scene devic of this invention. Since th light mitt d from a luminesc nc chip can be p netrat d when the 
adhesiv s ar still more transpar nt an ext rnal quantum effici ncy improves. While holding the insulation of adh sives 
further again by making an insulating fill r with thermal conductivity more sufficient than th mat rial of the adhesives 
(bulking ag nt) mix in adhesives, thermal conductivity b comes good and g n ration of heat of a lumin sc nc chip can be 
told to a leadframe. 
[0012] 

[Exampl ] The cross section which expresses one structure of the luminescence device of this invention to drawing 1 is 
shown. This drawing is drawing showing the structure of Light Emitting Diode which consists of a nitride semiconductor 
luminescence chip, lays the luminescence chip which carried out the laminating of n type nitride semiconductor layer 2a and 
the p type nitride semiconductor layer 2b on silicon on sapphire 1 in the bottom of the cup of the leadframe 3 of a cup 
configuration, and makes silicon on sapphire 1 and the leadframe 3 the structure pasted up with adhesives 4. In addition. 10 
is the ohmic electrode formed in n type layer 2a and p type layer 2b, respectively. Moreover, a resin is not illustrated 
although the mould of the whole chip is carried out to the shape of a lens with the resin. 

[0013] A luminescence chip uses automatic devices, such as a die bonder, and it lays on a leadframe 3 and it pastes th m 
up. Under the present circumstances, since adhesives 4 are insulation even if adhesives 4 overflow between the silicon on 
sapphir 1 of a luminescence chip, and ieadframes 3. turn even to the side of a luminescence chip and reach even a p-n 
junction interface, as shown in drawing 1 , the short-circuit between inter-electrode or p-n junction does not occur, but th 
reliability of Light Emitting Diode improves. 200 micrometers or less, when chip thickness is 150 micrometers still mor 
preferably especially, and it pastes up with insulating adhesives, it is very desirable. Because, the thickness of the nitride 
s miconductor with which a luminescence chip has p-n junction is [ the thickness of several / at most / micrometers - 
about t n micrometers and silicon on sapphire ] 80 micrometers or more - hundreds of micrometers, and most is occupied 
by th thickness of silicon on sapphire. Therefore, when chip thickness is thicker than 200 micrometers, although adh siv s 
turn, it is hard coming to reach even a p-n junction interface, and is because it becomes unnecessary for especially 
adh siv s to be insulation. 

[0014] Next, it is still more desirable if adhesives 4 are transparent. By using insulating and transparent adhesives, 
lumin scence by the side of the leadframe of a nitride semiconductor (2a, 2b) penetrates silicon on sapphire 1 and 
adh siv s 4, reaches the front face A of a leadframe 3 (in the case of this drawing, it is the base of a cup), and the sid of 
a cup further, and is reflected in a luminescence observation side side, since there is also no fear of there not being 
insulation and making t of four adhesives ] luminescence of a luminescence chip lose if transparent furthermore, and making 
p layers and n layers short-circuit, by the ability using many adhesives 4, the adhesive strength of a luminescence chip can 
also be strengthened, and the reliability of a luminescence device is markedly alike and improves In addition, in this 
invention, if transparence does not necessarily mean a hyaline and luminescence of a nitride semiconductor is penetrated, 
what is colored from the beginning and made into the translucency, and the thing which is colored by the filler described 
later and is made into the translucency are also included. 

[001 5] Moreover, when the aforementioned adhesives 4 are transparence and insulation, it can be made to reflect 
efficiently by making silicon on sapphire and the leadframe front face A which counters into the shape of a mirror plane, 
without attenuating luminescence. Although the interior prepares a mirror-plane-like cup, lays a luminescence chip in the 
bottom of the cup and is reflecting luminescence in an observation side side on the side of a cup, and the base in drawing 
1 , it can do with the shape of a mirror plane, for example like a flat-surface display by plating the metal with which gold, 
silver, tc. are hard to be corroded, for example on the leadframe front face which pastes up a luminescence chip in th 
luminescence device which has not prepared the special cup. Moreover, luminescence can be reflected, even if it mak s th 
adh sion side of a leadframe white apart from this, when the side of a cup or the base, and the cup are not prepared. It is 
realizable by applying white powder with the high reflection factor of the lights, such as an alumina, titanium oxide, a 
magn sium oxide, and a barium sulfate, for making it white. 

[0016] As a material of the adhesives 4 with which the above effects are acquired, most preferably, the adhesives of an 

poxy r sin system, a urea resin system, an acrylic resin system, and a silicon resin system, a low melting glass, etc. can be 
used, and it is insulation, and such material is also still more transparent and also bears the melting temperature (dozens- 
1 00 doz ns of or less times) of the resin mould which closes a luminescence chip in Light Emitting Diode. If it is insulating 
adhesiv s again, even if it will use an opaque material besides such material, a short problem is solvable between inter- 
lectrod or p-n junction. 

[001 7] Drawing 2 is the cross section showing the structure of only the luminescence chip of the luminescence device 
concerning other examples of this invention, and the same sign shows the same member as drawing 1 . This drawing shows 
that th insulating filler 6 with thermal conductivity higher than the material of adhesives (filler) is mixed into adhesives 4. 
By mixing this filler 6, the thermal conductivity of adhesives 4 can improve and generation of heat of a luminescence chip 
can b ffectively missed outside rather than it pastes up a luminescence chip by adhesives 4 independent one. Usually, 
since the chip which consists of a nitrid s miconductor is in the inclination for luminous effici ncy to fall wh n it generat s 
h at, if a filler 6 is mad to mix, g n ration of heat of a chip radiat s h at to th xt rior through a fill r 6 and a I adfram 
3, the t mperature rise of a chip is as d, and d cline in luminous efficiency can b pr v nt d. If adh siv s 4 ar insulation 
when making this filler mix, even if transpar nt and opaque, the above-m ntioned ff ct can be acquired Although the 
material of a filler 6 can b suitably chosen according to the quality of th mat rial of th adh sives 4 to b us d, powd r 
material, such as an alumina, a silica, a magn sium oxid , and titanium oxide, can b used pr f rably, for exampl . 
[001 8] More ver, although it is th cross s ction sh wing the structur of th lumin scene chip of th luminesc nc 
d vie which drawing 3 also requires for oth r same xampl s f this inv ntion, in this drawing, the m tal thin film 5 is 
formed in a i adframe 3 and silic n-on-sapphire 1 front fac which count rs, and the 5th pag of th m tal thin film joined 
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to silicon on sapphir 1 is mad into th shap of a mirror plan . Thus, if a mirror plane is form d, luminesc nc of a nitride 
semiconductor can be r fl ct d by the interfac (nam ly, front face of th metal thin film 5) of a-m tal thin film and silic n 
on sapphire. In ord r to form th metal thin film 5 f material, such as aluminum, Au, and Ag, can b pref rably used using 
methods, such as vacuum vaporationo and a spatt r. The silicon on sapphir by the sid of the silicon-on-sapphire 
interfac of a metal thin film, i. ., a lumin sc nc obs rvation side, can be made into th shap of a mirror plan for the 
thin film which consists of such mat rial by [ of polish and silicon-on-sapphire 1 front face which carried out polishing ] 
forming in the who! surfac mostly, and luminescence can be r fl cted effectiv ly. Furthermore, if adh sives 4 are 
transpar nt, the light reflect d in the sid of a luminesc nee chip by th m tal thin film 5 can be mad to pen trat . 
[0019] 

[Effect of the Invention] Sine b tween inter- lectrod or p-n junction does not short-circuit v n if adh sives turn 
around the side of a luminescence chip and reach even a p-n junction interface in the case of die bond, since adhesion 
fixation of the silicon on sapphire of the luminescence chip and the leadframe is carried out with insulating adhesives, the 
luminesc nee device of this invention can acquire high reliability. 

[0020] Furthermore, if the aforementioned adhesives are transparent, it will arrive at a leadframe side that the light which 
p netrates the silicon-on-sapphire side of a nitride semiconductor declines few. If the luminescence chip is laid in the 
bottom of the cup made to reflect luminescence in an observation side side, luminescence will also penetrate the adhesiv s 
which turned to the side of a chip, and will be reflected from the cup. Therefore, the external quantum efficiency of a 
luminesc nee device improves. 

[0021] Moreover, if an insulating filler with thermal conductivity more sufficient than the material of adhesives is mixed in 
adhesives, thermolysis of a luminescence chip becomes good and can prevent decline in luminous efficiency. 
[0022] When adhesives are still more transparent, by making a leadframe side into a mirror plane, the transmitted light can 
b refl cted in a luminescence observation side side, and the external quantum efficiency of a luminescence device can be 
raised. If a cup is prepared in the leadframe in which a luminescence chip is laid preferably, the light scattered about in 
respect of adhesion with a leadframe and silicon on sapphire, the light which penetrates transparent adhesives and reach s 
a cup pars basilaris ossis occipitalis are condensed, and luminescence can be taken out outside efficiently. Moreover, a 
metal thin film is formed in a leadframe and the silicon-on-sapphire side to paste up, and the light which comes out of th 
metal thin film from a luminescence tip side side since the adhesives which are surrounding the side of silicon on sapphire 
also as a reflecting mirror are transparent is not barred. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The type section view showing the structure of the luminescence device concerning one example of this 
invention. 

[Drawing 2] The type section view showing the structure of only the luminescence chip of the luminescence device 
concerning other examples of this invention. 

[ Draw ing 3] The type section view showing the structure of only the luminescence chip of the luminescence device 
concerning other examples of this , invention. 
[Description of Notations] 

1 .... Silicon on sapphire 

2 a...n type gailtum-nitride system compound semiconductor layer 

2 b...p type gallium-nitride system compound semiconductor layer 

3 .... Leadframe 

4 .... Adhesives 

5 .... M tal thin film 

6 .... Filler 
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